KiSS1-derived peptide receptor, a GPCR protein, binds with the hormone kiss peptin. They are important in the neuroendocrine regulation of reproduction and in the secretion of gonadotrophin-releasing hormone. Thus, analysing the structural features of the receptor becomes important. However, the three dimensional structure of the protein is unavailable. Hence in this study, we have performed the homology modelling of KiSS1-derived peptide receptor with 5 different templates. 30 models were constructed using two platforms -Easymodeller and ITasser. The optimal models were chosen based on the model validation. Two models were selected after validation. The developed models could provide useful for analysing the structural features of KiSS1-derived peptide receptor and their pathophysiological role in various disorders related to them.
Introduction
The KiSS1-derived peptide receptor (also known as GPR54 or the Kisspeptin receptor) belongs to the Gprotein coupled receptor family [1, 2] . GPR54 binds with the peptide hormone kisspeptin (metastin) which are encoded by the Kiss-1 gene [3] . Kisspeptin was originally discovered as a metastasis inhibitor [4] . Later, their signalling mechanism found to be playing a major role in the neuroendocrine regulation of reproduction [5] . It was learned that GPR54 triggers the release of gonadotrophin-releasing hormone (GnRH) [6] . Also, kisspeptin neurons act as conduits that relay humoral and environmental signals to GnRH neurons. This indicates that the kisspeptin/gpr-54 signalling is important in the neuroendocrine regulation of reproduction. Thus, GPR54 becomes a potential therapeutic target.
Increased hypothalamic GPR54 signalling, could result in the activation of puberty [7] . It was shown that, by inactivating mutations in the gene that encodes for GPR54, results in a pubertal delay in human [8] . Funes S et al. developed a mutant mouse line with a targeted disruption of the GPR54 receptor. Their analysis of the GPR54 mutant mice revealed that there are developmental abnormalities in both male and female genitalia. Also, there are histo-pathological changes in tissues which contained sexually dimorphic features [9] . The study indicates the importance of GPR54/KiSS-1 signalling in normal sexual development.
Kisspeptin and GPR54 are expressed in various other tissues and their functions have not been clearly reported. In a study by Horikoshi et al. the immunereactivity of kisspeptin is elevated in human pregnancy [10] . Kisspeptins have been reported as potent vasoconstrictors in humans, indicating their importance in the cardiovascular system [11] . They are also found to modulate synaptic excitability in hippocampal dentate granule cells [12] . There is also report denoting the role of kisspeptin in islet function and thus in insulin secretion [13] .
Since kisspeptin/GPR54 signalling greatly influence GnRH and gonadotropin secretion, it is plausible to consider them as a potential target for treatment of the conditions related to them. Exploring the structural features of kisspeptin and GPR54 thus becomes important. But there are no available structures of kisspeptin and GPR54. Homology modelling provides an alternate way of predicting the three-dimensional structure of a protein when only the sequence data of the protein is available. The number of protein structures resolved experimentally lags behind the sequence data available [14] . The main reason for this is the enormous amount of time required to prepare protein for crystallization as experimental process such as protein expression, purification followed by crystallization, requires years to perform. In this case, homology modelling based on comparative modelling can provide as a tool for the experimental procedures in finding the structure of the protein in a rather short time. In this study, we have developed three-dimensional models of GPR54 based on comparative modelling and validated them. The developed models could provide as a tool for further studies on the structural features and binding features of kisspeptin/GPR54 interaction.
Material and Methods

Template Selection
The amino acid sequence of the human KiSS-1 receptor (accession No: Q969F8) was retrieved from the Uniprot database. Protein BLAST [15] search was performed against PDB [16] to find suitable templates for modelling the receptor. 5 different templates were selected based on sequence identity, query coverage and E-value. The selected templates were -4DJH, 5DHG, 4EA3, 4EJ4 and 4DKL. If the level of sequence identity is above 30%, then up to 90% of the polypeptide conformation tends to be modelled well [17] [18] [19] . All three templates were having sequence identity ≥ 30%. As the identity of the templates were low (Table 1) , to improve the model accuracy, the multiple template based homology modelling was also performed. Query coverage for the templates was greater than 70%. Also, all of the templates retained the seven transmembrane helix regions, which is the characteristic feature of the GPCR proteins.
Homology Modelling
Using the modelling platforms, EasyModeller 4.0 [20] and ITasser [21] , the three dimensional structures of GPR54 were developed. EasyModeller 4.0 uses MOD-ELLER 9.12 [22] and Python 2.7.1 in the backend. I-TASSER server is an on-line server used for protein structure and function predictions. In the recently concluded CASP (Critical Assessment of Techniques for Protein Structure Prediction), The I-TASSER server was ranked as number one in the server section [23] . At first, the predicted models were assessed and validated using the RMSD values. Then, Using RAMPAGE web server, Ramachandran plots for the models were plotted [24] . Ramachandran plot provides a way to visualize backbone dihedral angles ψ against φ of amino acid residues in protein structure, which identifies the sterically allowed regions for these angles. Later, validation by Verify3D and ERRAT plots were carried out. Verify3D determines the compatibility of the predicted model with its own amino acid sequence by assigning a structural class based on its location and environment (alpha, beta, loop, polar, nonpolar etc.) and comparing the results to good structures [25] . ERRAT plots are plotted as a function of the position of a sliding 9-residue window. The error function is based on the statistics of nonbonded atom-atom interactions present in the structure [26] .
Results and Discussion
Model Generation
Using EasyModeller, 5 models are modelled for each of the five templates -4DJH, 5DHG, 4EA3, 4EJ4 and 4DKL. Therefore totally 25 models were developed using EasyModeller. Using the three different templates, single and multiple template based approaches were carried out. For Multiple template based approach, using the CLUSTALW [27] program, multiple sequence alignment was done to find conserved residues. Various models were developed using multiple template based approach. Five best models developed from ITasser server were also selected. The alignment of the templates with the receptor GPR54 was represented in Fig.  1 .
Model Validation
The predicted models were validated using various validation techniques. Root mean square deviation (RMSD) of all the predicted models with their respective template was calculated. Ramachandran plot was generated for each model and the number of residues in favourable, allowed and disallowed region was identified. The statistics of both RMS deviation and Ram-achandran plots are represented in the Table 2 . Only models scoring acceptable results are displayed and are numbered. Verify3D was also performed for all the models. Finally ERRAT plots were developed for the models. The results from Verify3D and ERRAT plots are represented in Table 3 . Based on the statistics, from the models developed using Easymodeller, models 2, 6, 13, 16 and 24 (one model from each template) were found to be the best models. Generally, all the five models generated using ITasser scored good results in all the validations. Especially, model 28 scored well in all the validation and is found to be the most reliable among the developed models. Also, all the developed models have similar structure. The best models -Model 13 and Model 28 are represented in Fig. 2 . RC plot and ERRAT Fig. 1 . Alignment between the target (GPR54) and templates (4DJH, 5DHG, 4EA3, 4EJ4 and 4DKL).
plots of the selected models were represented in Fig. 3 and Fig. 4 , respectively.
Conclusion
Three dimensional models for KiSS1-derived peptide receptor (GPR54) were generated using single and multiple template based approaches. Model numbers 2, 6, 13, 16 and 24 were selected as best, based on their RMS deviation, Ramachandran plot, ERRAT plot and Veri-fy3D values. The selected models showed similar structures. Based on the results after model validation, it is found that all the generated models are similar and the structures are reliable. These predicted models would be useful in the studying the interaction of kisspeptin with the receptor GPR54 in future. Also, these models may serve as a reliable tool for analysing the important structural features and function of GPR54. Fig. 4 : ERRAT plot developed for the selected models 13(a) and 28(b) *on the error axis, two lines are drawn to indicate the confidence with which it is possible to reject regions that exceed that error value
